GPS OCCULTATION SENSOR (GPSOS)

Sensor Requirements Document (SRD)
for

NATIONAL POLAR-ORBITING OPERATIONAL ENVIRONMENTAL
SATELLITE SYSTEM (NPOESS) SPACECRAFT AND SENSORS

Prepared by

Associate Directorate for Acquisition
NPOESS Integrated Program Office

Revision 1
25June 1998

Integrated Program Office
Silver Spring MD 20910

Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS
F04701-97-C-0036



TABLE OF CONTENTS

TABLE OF CON T ENT S oot e e et et e e e et e et et e e et e et et et aenaenens |
S O @ ] . PPN 1
I [ ] =t N 1 (O I (0 ]\ PRSPPI 1
1.2 SENSOR OVERVIEW.. ... e 1
1.3 DOCUMENT OVERVIEW. ... ..o e 1
I 0t R O @ 1\ | o I [ O I S PPN 2
1.3.2 REQUIREMENT WEIGHTING FACTORS. .. ..ot 2
1.4 SYSTEM CLASSIFICATIONS N/ A .o ittt e eeeans 2
2 APPLICABLE DOCUMEN T S L.t e et et e et et e e e e e e e ennas 3
2.1 GOVERNMENT DO CUMENT Q... e e anas 3
2.2 NONGOVERNMENT DOCUMENTS. ...t e 4
2.3 REFERENCE DOCUMEN TS ... oot ans 5
3 SENSOR REQUIREMEN T S .o e e e e e e e et e et e e e e e et eeen 8
G 2 N B 1 =t o 11 I (0 ] N PP PRNS B.oenin.
3.1.1 SENSOR DESCRIPTION. .. e e aae 8
3.1.1.1 General SENSOr CharaCteriStiCS.......uuuuuiiiiiie et e e e e e e e e e e eanaaa s 8
3.1.2 SYSTEM SEGMENTS N/ A . it e e e e e e e et e et e e eees 11
3.1.3 SPECIFICATION TREE. ... .o e aa 12
3.1.4 TOP-LEVEL SENSOR FUNCTIONS. .. .cuii e 12
3.1.5 SENSOR MODES. .. .o e e eae e 12
3.1.5.1 COMMON SENSOI IMOUES. ... .ceetiiiieeeeeiiiie e ettt e e e e e e e e et e e e e e e ettt e e e e e eeaba e e eaeaesaaneeeeeeensnnn 12
3.1.5.1.1 SENSOr Off MOUE ... .ceeiiiii it e et e e e e e e s e e e e e e et n e e e e e eataa e eas 12
0 T B @ o =1 = L o1 F= V1Y [ To [T ST 12
3.1.5.1.3 Sensor DIiagnOStiC IMOOE. ... ...ceiiiiiii et e e e e et e e e e e e et e e e e e e ea it e e e aeaaaas 13
3.1.5.1.4 Sensor Safe Hold MOGE............uuiiiiiiiiie e e e e e et e e e aaaaa s 13
3.1.5.2 GPSOS Sensor SPECIfiC MOAES. ... ..coiiiiiiii e e e e e e 13
3.1.5.3 Payload MOde DOCUMENTALION. ........uiiiiiiiiii e e e e e e e e e e e ettt e e e e e e et e e e e e aasaaaaaeaes 13
3.1.6 OPERATIONAL AND ORGANIZATIONAL CONCEPT.....con e 13
3.1.6.1 Launch OperationNs CONCEPL. .. ..ciiiiiiiieeeeeeeiee s e e e ettt e e e e e et a e e e e e et e e e e aeeatt e e e eeeastaaaaeaeaesaannas 13
3.1.6.1.1 Pre-launCh oo e e e ———————————— 13
B 00 LG 0 I - TF ] o o « PSPPI 14...
3.1.6.2 On-orbit OperatioNal CONCEPL.......uuuiii et e et e e e e et e e e e e e et e e e e e eaataaaeees 14
TN LG A @ ) V=TV =Y S SO SSPPPN 14.......

3.1.6.2.2 On-orbit Tests
3.1.6.2.3 OPEIAtiONS ...ceiiiiiii e ettt e e e e e e e e e e nt
3.1.6.2.4 GPSOS Sensor Checkout and Diagnostics
3.1.6.2.5 GPSOS Contractor Responsibilities
R T8 A |V 1S3 L N 1
3.2 SENSOR CHARA CTERISTICS . ... it e e e e et e an e eans 18
3.2.1 PERFORMANCE CHARACTERISTICS. ...t 18
3.2.1.1 Performance Requirements
3.2.1.1.1 GPSOS Environmental Primary Vs Secondary EDRS.........cc.ccooviiiiiiiiiiiiiiii e 19
3.2.1.1.1.1 Definition - Primary EDR .........coiiiiiiiiiii it e e 19
3.2.1.1.1.2 Definition - Secondary EDR
3.2.1.1.2 EDR REQUIFEMENTS ....ciiiiiiiiiiie e e eee ettt e e e e ettt e e e e e et e e e e e e et ettt s e e e e e e s neeaeeannnns
3.2.1.1.2.1 Requirements Format
3.2.1.1.2.2 ARDULE VAIUBS .o
3.2.1.1.2.3 Attribute Values Expressed as Percentages
3.2.1.1.2.4 Vertical Height
3.2.1.1.3 GPSOS EDRS..... oottt e et ettt ettt ettt e e et et arrrarraaaa
3.2.1.1.3.1 Primary GPSOS EDRS.....uuiiiiiiiiiiii ettt e et e e e e e
3.2.1.1.3.2 Secondary GPSOS EDRS......cciciiiiiiii ettt e et e e e e e
3.2.1.1.3.3 Multiple Sensor Requirements
3.2.1.1.4 RDR Requirements

Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS
F04701-97-C-0036

(i



3.2.1.1.6 SCIeNtific AlGOItNMIS. ...uuun i e e e e e e e e e e e e 23
3.2.1.1.7 Scientific Algorithm Convertibility to Operational Code...........ccoooeeiiiiiiiiiiieeiie e, 24
3.2.1.1.8 GPSOS Interface to GPS and GLONASS SatelliteS.........coeevvviiiiiiiiiiiieeeieeeeee e, 24
3.2.1.2 Sensor Calibration , See Section 3.1. 1.1 ....ccocviiiiiiiiiieeeie et e et s smmmmnnne 25
B T I B B - | - oo =11 PP 25....
T N R B - | - W o ] 0= PP 25
T SR B =T =) (=T PPN 25
3.2.2 SENSOR CAPABILITY RELATIONSHIPS. ... 25
I I N B 1= = 1Yo PPN 25
I B 1= 1= (=T PPN 26
3.2.3 INTERFACE REQUIREMENTS. .. .cuiitiii it e e et e e e e e anaes 26
3.2.4 PHYSICAL AND INTERFACE CHARACTERISTICS......oi e 28
T o R Y = TS o (o] 1= (=TSSP X-1
3.2.4.1.1 Sensor Mass DOCUMENTATIALL. ........c.uuueiiiiiie e ee et e e e et e e e e e e st e e e st e e ssaeereraeeeeen X-1
3.2.4.1.2 Sensor Mass Variability DOCUMENLAtION............oviiiiiiiiiie e X-1
Tt G I 0= o1 (= o) 1Y = 1T PSR X-1
3.2.4.1.3.1 Center of Mass AlIOCALION ...........cooiiiiiiiiiiiiiiiiiiiiii e J....|X-
3.2.4.1.3.2 Center of Mass Measurement and Documentation...........c..ccvveveivrieeiriieeeiiieeeennns X-1
3.2.4.1.4 MOMENES Of NI ...cvuiiiiii e e et e e e et e e e et e e et e e s abaeeart e eeranas X-1
3.2.4.1.4.1 Moments of Inertia MEaASUIEMENT...........ciiiiiiieiiiii e eaaes X-2
3.2.4.1.4.2 MOMENLS Of INEIIA ACCUIACY ... .uu i ieeiiiiiiieee ettt e e e e et e e e e et e e e e e e et s e e e aaaan e eaaees X-2
3.2.4.1.4.3 Moments Of Inertia DOCUMENTALION. ........ceiiiiieiiiiieeeie e e e e ear e e eaanns X-2
3.2.4.1.4.4 Moments of Inertia Variation DOCUMENTAtION.........cccovviiiiiiiieiiee e e X-2
I B 112 1 1= T [ [ o PRI X-2
I S R o V= (o= LI [ 11T o -Vt SRR X-2
3.2.4.2.1.1 Stowed and Critical ClEaranCEeS........ccccivvviieiiiiiieeee et e et ). CY I
3.2.4.2.1.2 MOUNEING PrOVISIONS.......ccuitiiiiiiiiiiiii e e ettt e e e e e e e e e e ettt e e e e e e e a s e e aeaaaenanes X-3
0 T I 1o | 3 4 =T o) PP ORPURPPPIN X-4

3.2.4.2.1.4 SHUCHUIAl SUPPOIT. . eiiiiiii et e e e e e e e e et e e e e e e e e s s X-6
3.2.4.2.1.5 Sensor StruCtural DYNAIMICS..........cuuuiiiiiiiiies e e et e e e e e e e e e e eaaeas X-6

B J G B o 0111V PP PT PR PPPP PPN X-6

3.2.4.3.1 SeNSOr INtEINAI POWEL .....uuii ittt e et e e e e e e e e e e e aataaaeeeearees X-7
3.2.4.3.1.1 PAK POWE ...oiiiiii e ettt e et e e e et e e e e e ettt ennnnm—— X-7
3.2.4.3.1.2 POWET CYCLE....u ittt ettt e e e et e e e e et e e e et aaearaaa X-7
3.2.4.3.1.3 ON-0rDIt POWEL ...ttt e e et e e e e e e et e e e e e e aba s X-7
3.2.4.3.1.4 LAUNCKH POWEL......iiiiiiii ettt ettt e e e e e e e e e et et e e e e e e ea b s e e e e eaaat e eeeeeeaenan X-7
3.2.4.3.1.5 ENA-0Of-lif& POWEK.....ouiiiiii e e et X-7

3.2.4.3.2 SENSOr EXIEINAl POWET ......cciiiiiiieeiiiie e e e e e e e e e e et eeeaaeeeeees X-7

3.2.4.3.3 Electrical Power Interface REQUIFEMENTS............uuuiiiiiiiiiiiiei e aaaens X-7
3.2.4.3.3.1 ElECtrical INTEIFACES.....ccuuuii e e e e e e e e at e aaes X-7
B T e T T = Tod (g ot= 1 @1 ¢ =1 o | PP X-9
3.2.4.3.3.3 Grounds, Returns, and REfEreNCeS..........ccoovviiiiiiiiiiiii e X9,
3.2.4.3.3.4 POWEE HaIMESSES. .. ittt ettt ettt e e et e e e et r e e e et e e e eta s e e eeas sennnnn X-10
3.2.4.3.3.5 Signal CabliNg .....cccoeuiiiiiiie e aa——— X-11

3.2.4.4 SUIVIVADIlItY......uuuiiiiiiic e e s ennni e e e snnnn e eeesrd e X

B T B ST =1 T [ = o = PPN X-11

3.2.4.6 Protective Coatings and FiNISNES..........cc.ouuiiiiiiii e X:11.

I T2 S A I =T 1o - | PSP X-12
B2 4. 7.1 GBNEIAL et e ittt e e e e et e s rnn—mn————_ X-12
3.2.4.7.2 Thermal Isolation to SPaCECrafl............uuiiiiiiiiiiiie e X-13.
3.2.4.7.3 Heat TranS el ..o e et e e e et n e X-13

3.2.4.7.3.1 Heat TranSier. ...t e e X:13
T Ny 0 T = &= 1o [T 1o ] [ X-13

3.2.4.7.4 TemMPErature RABNGES .....uuiiiiiiiii ettt e e et e e e et e e err e e era s eannaaes X-14
3.2.4.7.4.1 Spacecraft Temperature RaNGE..........ceeeiiiiiiiiiieeeiiiie e e e e e e eaaaans X:14
3.2.4.7.4.2 Thermal Uncertainty Margins............coeeeiiiiiiiiiiieeeiiiiie et eeeeei e e e e eeaeanns X:14
3.2.4.7.4.3 Sensor TemMperature RANGE ......cooiuuuiiiiiiiiieeeiii et e et eeana e X-14........

3.2.4.7.5 Temperature MONITOMNG .......uuuuiiiieeeei i e e e e e e e e e et e e e e e e e eeereneaaas X-14

Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS
F04701-97-C-0036

(ii)



3.2.4.7.5.1 Mechanical Mounting Interface Temperature MOnitoring............ccceevveevvevvvnnnnnnn. X:15

3.2.4.7.5.2 Sensor Temperature MONItOIING .........ccvvvviiiieeiiiiiiie e ee e e e e eeaar s X-15
3.2.4.7.5.3 Temperature Sensor LOCAtIONS. ..........eiiiiiiiiiiiii e X:15
3.2.4.7.6 Thermal CoNtrol DESIGN........cuuuiie ettt e e e e et e e e s X-15..
3.2.4.7.6.1 Thermal Control HArdWarE. .......cccooueeiiiieieeeeeeeeeeee e X-15.
3.2.4.7.6.2 SUIVival HEater DESIQN ....uuuuiieiieeeiieiiieiiee e e e e e e et e e e e e e e X-16..
3.2.4.7.6.3 Multilayer INSUIAtION.........uuiiiiie i e e e e e s X-16
3.2.4.7.6.4 Other CoNSIAEratiONS ........coviiiiiiiiieiee e X-16..
3.2.4.8 Data and Command INTEIFACE...........coiiiiiiiiiiiiii e X-17..
3.2.4.8.1 General Command EIECtCAL.......cccouiiiiiiiiiii X-17.
3.2.4.8.1.1 INterface CONUUCTOLS. .....ccetiiiiiiiiiiiiiiiitiitiiiie e e e e e e e e e e e e e e e e e e e eeeeeeeeeaane X-17..
3.2.4.8.1.2 Interface Circuitry 1SOIatiON. ............oiiiiiiiiiiiie e X-17.
3.2.4.8.1.3 Interface Fault TOIBIANCE............uuuuuiiiiiiiiiiie e X-11.
3.2.4.8. 1.4 POWEE BUS ...ttt ettt ettt e e e ettt e emeenennnae X:17
3.2.4.8.2 Command and Telemetry Data Bus ReqUIrements..........c.ooeevvevivieieeeriiiiinieeeeeennennn X:17
3.2.4.8.2.1 BUS FUNCHONS ...cceiiiiiiieeie e s X:17
Bi2.4.8.2.2 BUS Ty ittunieiiie ettt e e e ettt e e e et X:18...
3.2.4.8.2.3 BUS CONfIQUIALION.......cciiiiiiiie e e e e s X-18..
3.2.4.8.3 General BuS REQUIFEMENTS.......uuuiiii it e e e e e e e e aeeees X-19.
3.2.4.8.3.1 EIleCtrical INtErface........ccooiiiiiiiiiiiiiieiiee e X-19..
3.2.4.8.3.2 Data BUS MONITONING ....ccoiiiiiiiiiiie et e et e e e e e e et e e e e e e e e e X-20.
3.2.4.8.4 Sensor Commands and Memory LQad............ccooieeiiiiiiiiieeecic e X-20
3.2.4.8.4.1 COMMANG TYPES..iitttiii ettt et e et e e e e et e e e e e et s e e e e aaaa e eeeeeanaans X:20..
3.2.4.8.4.2 Packetization for Commands and Memory LoadS.............ceevveeiieiiiiineceeeiinnnnnn. X-20
3.2.4.8.4.3 DOCUMENTALIAM ...ttt X:21..
3.2.4.8.4.4 Critical COMMEANGS .....cooiiiiiiiiii et X-21.
3.2.4.8.4.5 Frame Sync and Time Code Data.........cccceeiviiiiiiiieiiiiiiiie e X-21
3.2.4.8.5 Health and Status Telemetry Data........cccoooeiivviiiiiiiiiiiiee e e X21....
3.2.4.8.5.1 Telemetry DiagnoStiC Data..........oeieiiiiiiiiiiieiiiiii e X-21.
3.2.4.8.6 LOW Rt SCIENCE DALA.......ceviiiiiiiiiiiiiiiiiiiiiii e e et e et e e eeeeeeaeeee X-21..
3.2.4.8.6.1 Telemetry and Low Rate Data Packetization..................coovviiieiiiiiiiiiini e, X:22
3.2.4.8.7 Data Bus Sampling RaALE .........coiiiiiiiiiiiiii e X-22
3.2.4.9 HIGh RAE BUS ...uuiiiiiiieeiie et e et e e e e e e ettt e e e e e e e e eataeeaaaennans X-22
3.2.4.9.1 BUS FUNCHIONS ..ceiiiiiiiiiiiiiiiieee et e n e X-22
3.2.4.9.2 High Rate Data Bus TransmisSSIioN RAtE............cociviiiiiiiiiiiiiiiecceeeceeees e eeeaaaa "22....... X
T B T = U= Y/ o =TSP PPRRPPN 2.... X-2
3.2.4.9.4 High Rate Data PacketiZation............covviviiiiiieiiiiiie e e e X:22.
3.2.5 Sensor QUAlItY FACIOLS .. .. oottt X:22..
3.2.5.1 REIADIITY ...ccoiiiiii e e et e —————————————— s
3.2.5.1.1 Operational Service Life
3.2.5.1.2 MaiNtaiNability ......couuuiiiiie e e e —
3.2.6 Environmental ConditioNS..........c.uoiiiiiiiiiiii e X:24....
3.2.6.1 Natural Environment CharaCteriStCS ......uuuuuuuririiiiiiiiiiieieeee e X-24
3.2.6.1.1 Total lonizing DOSE ENVIFONMENL..........uuuiieiiiiiiiei et e e X=24
3.2.6.1.2 Cosmic Ray and High Energy Proton ENvironment.............ccooeeeiiiviiiineeeeeiiiiiineeeenens X-24
3.2.6.1.2.1 Single Events Radiation ENVIroNmMENt............ccoeiiiiiiiiiiiieeeeie e X:24
3.2.6.1.2.2 Displacement Damage........ciieiiiiiiiiiieeeieeiiie e e e e et e e et X:25.
3.2.6.2 LauNCh ENVIFONMENL.... ..o X-26...
3.2.6.2.1 Thermal... ..o ————— X-26
N I O A I =Y 0 ] =T - LU € PP X-26
3.2.6.2.1.2 HEAL FIUX. it X-27
3.2.6.2.1.3 Free Molecular HEAtiNG ...........uuuuuiiiiiieiiiiiiiiiiie e e e e eea v ame X:27..
B12.6.2.2 SNOCK ...cetttiiieieettt s X:27..
3.2.6.2.3 Acceleration Load FaCLOIS...........cooiiiiiiiiiiiiiiiiiiiiii e X-28.
3.2.6.2.4 VIDration .....coooiiiiiii e X-28
312.6.2.5 ACOUSTICS. ..o eeeeee ettt e e e e e ettt ettt e et et ettt e e e e anararaaane 8.... X-2
3.2.7 TranSPOITADIILY . ....ue e X:30
3.2.8 Flexibility and EXPANSION.........uuutuuiiiiiiieiee ettt X-31.
3.2.8.1 Operational Computer RESOUICE RESEIVES.......cccvvviiiieiiiiiie e X-31
Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS

F04701-97-C-0036
(i)



3.2.8.1.1 Computer Resource Reserves for Operational Space Elements.............cccccceeeeee. X:31

3.2.8.1.1.1 Data Processing ProCeSSOr RESEIVES......cicciiviviiiieeetiiiiie e e e a e v X-31
3.2.8.1.1.2 Data Processing Primary Memory RESEIVES.........coeeeiiviiiiiiiieeiiiiiiiie e eeeiiia e X-31
3.2.8.1.1.3 Data Processing Peripheral Data Storage (Secondary Memory) Reserves........ X-31
3.2.8.1.1.4 Data Processing Data Transmission Media..........ccocoveeeiiiiiiiiiiiiiiiiiiiieeeeeeeeeennns X:32.......
3.2.8.1.1.5 Data Processing Software/FirmMWare...........cc..uuuiiiieeiiiiiiieeeeeeiiiis e e eeveiin e eeees X-32
3.3 DESIGN AND CONSTRUCTION. . ...ttt e e e e e e e e X:-32.
.31 MALEIIAIS et e e et e e s — X-32
3.3.1.1 Toxic Products and FOrmMUIAtIONS. .........uuuuuiniiiiiie e ..X=33.
3.3.1.2 PaArtS SIECHON ... e —— X-33
3.3.1.3 Material Selection -...X-33
3.3.2 Electromagnetic RAIALION .......uvvuiiiiiiiiiieie et X-34.....
3.3.2.1 Electromagnetic Interference (EMI) Filtering of Spacecraft Pawer...............ccoveeeieeenn, X-34
3.3.2.2 Electromagnetic Compatibility............uuuiiiiiiiiiiiiii e X-34.
R I R 1T 1= | P X-34
3.3.2.2.2 Baseling REQUIFEMENTS ..........cuuuiiiiii et e e e et e e e e e e e e et s e e e e e e eeese s s X:35
3.3.2.2.2.1 Sensor Electromagnetic Compatibility.............ccooeeeiiiiiiiiiiieii e X:35
3.3.2.2.2.2 Interface MarQiNS .. ...couuuuiiieiiiiiiiei e e e e e e e et e e e e e aa e e eaaaas X:35..
3.3.2.2.3 EXternal ENVIFONMENT ... ...ttt e e e et e e e e e e e e e e s eeeeeeean X:35
3.3.2.2.2.3 Spacecraft Charging from All SOULCES...........cuiiiiiiieiiiie e X:36
R J2 0 TR BT 13 o TP PP PRI X-36
3.3.2.3.4 Conducted and Radiated Interface ReqUIremMents...............ceeveeeiieiiiiineeieeiiiieeeeeees X-36
3.3.2.3.4.1 Radiated Emission RELOL.........cooiiiiiiiiiiiiiiiiiiiie e X:36.....
3.3.2.3.4.2 Radiated EMIiSSIONS RELO2 ......cccciiiiiiiiiiiiiiiiiiiiiiieeeeeee ettt X-36.......
3.3.2.3.4.3 Radiated Susceptibility RSLI0L........uuuiiiiiiiiiiiiiiiiiieie et e e X:37......
3.3.2.3.4.4 Radiated Susceptibility RSL103.........cuuiiiiiiiiiiiiiiiiies e X:37......
3.3.3 Nameplates and Product Marking...........ccoooeeieiiiiiiiiiii e X=37......
3.3.4 WOTKMANSIPD . ¢ttt e e e e e e e X-37
3.3.5 INterchangEability ..........ccoooiiiiiii e e X-37
3.3.6 Safety REQUINEIMEILS. ... ..ttt e et e e e e e e X-37...
3.3.6.1 DeSign Safety CHEELIA . ....ciiiiiiiii e e e e e e e e e et e e aaaanes X-38...
3.3.7 HUMAN ENQINEEIING .ceeeiiitiiiiiiee ettt e e e e e e e e e X-39...
3.3.8 Nuclear Control X
R N B Y=ol U] ] Y AP PP PPPUPPP 39.... X-
3.3.9.1 Communications Security (COMSEQC)........cccouuiiiiiiiieiiiie e aaans X-39
3.3.9.2 Computer Security (COMPUSECQC).........ciiiiiiii et aeaaaaa s X-39.
3.3.10 Government Furnished Property USAgEe............coviiiieiiiiiiiiiiiiiiie e X-39
3.3. 11 COMPULET RESOUICES .....tuuiiiiitiii ittt e ettt e e e e et et e e e e e e eenns X-40..
3.3.11.1 Operational COMPULET RESOULCES. ... ..cciiiuiiieeeieiiiiee e e et e e e e e e e et e e e aanraes X-40.
3.3.11.1.1 Operational Computational EQUIPMENL...........coviiiiiiiiiiiie e X-40
3.3.11.1.2 Operational Application SOftWarE.........cccoeviiiiiii i X-40
3.3.11.1.3 Operating Systems Used in Operational COMPULELS.........ccceevviiviiiieeriiiiiiineeeeeennnnn X-40
3.3.11.1.3.1 Sensors Flight Software ReqUIremMents..........ccoceeivviiiiiiiieeriiiiie e X-40
3.3.11.1.3.2 Programming LANQUAGE...........uuuuiieiiiiiiiiiiee et e e e e e eetis e e e e e e e e e aeeaniaaeeeees X:40.
3.3.11.1.4 Software CodiNg CONVENTIONS........ccuuuuiieeiieiiiae e ee et e e e et eeeera e e aaeaneaas X-41.
3.3.11.1.5 Year 2000 Software ReqQUINEMENTS ......ciiiiiiiiiiieiiiiiie e e e X:A41.......
3.3.12 Sensor Design RequiremMents ..........ccooevvviiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen Al X-
3.3.12.1 General StrUCtUral DESIQN .....iiieei it e e e e e e e e e e e eaa s X-41
3.3.12.2 Strength REQUITEIMENTS ... . i i s e e e et e e e e e e e e es s s s — X-41
3.3.12.2.1 Yield LOAM. .. cciiieeiiiiiiiiiiiiie ettt e e e e e e e e e e e e R 7%
3.3.12.2.2 URIMALE LOAA........cciiiiiiiiiiiiiiii e e X-42
3.3.12.3 StiffnesSs REQUIFEMENTS ... ..ccciiiiiieiiiie e s s e e e e e e e e ea et e eennmmnnnnnn X-42
3.3.12.3.1 DYNAMIC PrOPEItiES. .. .ciiieiiiiie ettt e e e e et e e e e e e ea e e e aeaees X:42..
3.3.12.3.2 Structural SHfNESS ... eeee e X-42
3.3.12.3.3 ComMPONENt StfNESS. ...uuuiieeiiiiii e X:42..
3.3.12.4 Structural Factors of Safely.........c..ouiiiiiiiii s X-A42..
3.3.12.4.1 Flight LImMit LOAOS. .. .ccieeiiiiiieeeeiiie ettt s e e e e e e e e et e e e e e earban e e eaaaees X-42..
3.3.12.4.2 PreSSUIE LOBUS  ...uiiiiiiiiiiiiiiiiiiiiiiiee ettt ettt ettt ettt et e et e e e e e e e e e e e e e e e e e e e e e e s s X-43
Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS
F04701-97-C-0036

(iv)



3.3.12.5 Design Load CONGItIONS. ... .cciiiieiiiiee e e e e e e e e e ear s X-44..

3.3.12.6 SeNSOr FIUId SUDSYSIEIMS .. ...uiiiiiiiii e e e e e e e e e eaeaans X:45..
R I8 22005 8 R W o 113 o PP PPUPR R X-45
3.3.12.6.2 Separable FittiNgS ......ooi it e e e e e e e e e ee s et ennnmmmmnaan X-45
3.3.12.7 Moving Mechanical ASSEMDBIIES..........uuiiiiiiiiiii e e eaaae X:46.
3.3.12.7.1 ACIUALING DBVICES....ccuttiiieeiiiiei et e e e et e e e e e e e e e eaaanas X-46..
3.3.12.7.2 Sensor Disturbance AllOCAtION. ....... ..o X-46.
3.3.12.7.3 Sensor MEChANISMS .....ooiiiiiiiii i e X-46
3.3.12.7.4 Uncompensated MOMENTUML.........iiiiiiiiiii e eeteeiiie e e e e e et e e e e e e e e e eeatiaaeeeeenaes X:46.
3.3.12.7.5 Sensor Disturbance AlIOCAtIONS ...........uiuuiiiiiiiiiiiii e X-46.
3.3.12.7.5.1 Constant and Periodic Disturbance Torque LimitS............cccceevveeriiiiiiieeeeennne. X:47
3.3.12.7.5.2 Torque Profile DocumMentatiQn...............uuiiiiiiiiiiiiiie e X-47
3.3.12.7.5.3 Thrust Direction DefiNition .............uuuiiiiiiiiiiiiiiiiiee e X-48..
0 T 2 T |V = o 1= o X-48
B.3.02.9 ACCESS. . ittt ettt e et e et eaeeees X-48
3.3.12.9.1 AcCeSS IdentifiCatiON........coiiieiieee e X-48..
3.3.12.9.2 GENEIAI ACCESS. ... ittt a e X-48...
3.3.12.10 MoUuNtiNG/HANAING ... ...ieeiiiiiiie e e e et e e e e e e et e aeaaaaaes X-48...
3.3.12.10.1 HandliNg FIXIUIES ... .coiiiiiiiie e e et e e e e e e e e et eeeaaaes .
3.3.12.10.2 Mounting Orientation
3.3.12.10.3 Sensor to Spacecraft Integration and Test MouNting..............eeeiieerviiiiiineeeeennnnn. x.49
3.3.12.10.4 NoN-Flight EQUIPMENT.......ciiiiiiii e e e e e e e e eaanan X-49..

T T 2 5 RV =Y o ] o PO PUPPPIN X-49
3.3.13 Operational Ground Equipment: General Design Requirements ..............cc......... X:49......
3.3.14 Non-operational Ground EqQUIPMENT..........coooiiiiiiiiiiiieeeeeees X-49.....
3.3.15 General Construction REQUIFEMENTS .........uuiiiiiiiiiiiiiiiiiii e X-49......

3.3.15.1 Processes and Controls for Space EQUIPMENL.........coooviiiiiiiiiiiiiee e X-49

3.3.15.1.0 ASSEMDIY LOTS . .iiiiiiiiiiiieiiii e e e e e e e e e e e e e e e X-51...

3.3.15.1.2 CONLAMINALIAN . ...eettiiiieiiiiiiiiiieeeee e e e e e e e e e e e et ettt ettt eeeeeeeeeebbebeeeeeeeenennes X-51...
3.3.15.1.2.1 Contamination Control REqQUIrEMENTS.........cccuvuiiiieiieiiiie e e X-51
3.3.15.1.2.2 Facility Environmental ReqUIrEMENLS.........ciieiviiiiiiieeeiiiiiie e e e X-52
3.3.15.1.2.3 Sensor Inspection and Cleaning DUring J&T............coovviiiiiiiiiiiiiiie e X:52
3.3.15.1.2.4 Sensor Purge REQUIFEMENTS.........coiiiiiiiiiiie e e e X-52.......
3.3.15.1.2.5 Fabrication and Handling...............uuiiiiiiiiiiiie e X-53...
3.3.15.1.2.6 DeViCE ClEANINESS. ......uuuiuiiiiiiiiiiiiiiiiie ettt e X:53
3.3.15.1.2.7 Outgassing Sensor Sources of Contaminatian...............cccccveeeieeeviiiiiiiieeeeeenen, X-53
3.3.15.1.2.8 Atomic OXxygen ContamiNatiON..............uuuiieeeiieiiiiieeeeeeiiiin e e e seeaie e e e eeaaia s X-54

3.3.15.1.3 ElectrostatiC DISChaIQge.........uuuiiieiiiiiiie e e e e e e s X-54..

3.4 DOCUMENTATION . ..ottt e e e e e e e e e et e e e et e e e e e e eeens X:-54...
3.4.1 SPECITICALIONS. .....ciieieiiiiiee et e e e e e e e X-54...
3.4.2 Interface Control DOCUMELS. ......uuuuiiiiiiiie ettt e e e et e e e e e e e e eaaa e eees X:5b.
3.4.3 Drawings and ASSOCIATEA LSt .......ceuviiiiiiiiiiiiiiiiiiiiiiii e e e e e e e e -55..... X
3.4.4 Software (Including DatabaSses)........ccuuuuuuiiiiiieeeeeeiiiee e X-55.
3.4.5 TechniCal ManUAIS .........oi i et e et X:55.

G 78 T I L €] 153 I 8 S 55.... X-
3.5.1 Maintenance PlANNING ........uuuuuuuiiiiiie ettt X:55...

3.5.1.1 Sensor MainteNanCe CONCERALS.......uuuiiiiiiiiiiie e e et e e e e et e e e e e e e e e e eati e e e e eara s X-55..
3.5.2 SUPPOIt EQUIPMENT ... e e e e ettt e e bbb X-55..
3.5.3 Packaging, Handling, Storage, and Transportation (PHS&T) .........ceeiiiiiiiiinnnnnnns X:55.....
B.5.4 FACIHIES counieiii et s——— X-55

3.6 PERSONNEL AND TRAINING . .....coiiiiie e e eans X-56.

3.7 SENSOR SUITE COMPONENT CHARACTERISTICS (IF REQUIRED).......cccc.ceevvvvunnn... X-56

4 QUALITY ASSURANCE AND TESTING PROVISIONS ... X-57

4.1 QUALITY ASSURANCE. ...ttt e e e e X:57..
4.1.1 SPECIAL TESTS AND EXAMINATIONS. .. ..ot X:-57

4.1.1.1 Inspections and Tests Of the SENSAL............oiii i X-51.

4.1.1.1.1 Sensor Parts, Materials, and Process CONtrolS ..........cccccvvvieeiiiiiiiiiiiiiiiiiiieeeeeeeeeee e 57........ X-
Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS
F04701-97-C-0036

(v)



4,1.1.1.2 SENSOI RECOMUS. .. .cvuiiiiiieeeiii ettt ettt e e e e e e et e e e et e e e et e e e st e e sabneeernas X:51...

4.1.1.1.3 Sensor ManufacCturing SCrEENS.........uuiiiiiiiiiiiie et e e e e e X-58.
4.1.1.1.4 Non-conforming Material.............uuiiiiiiiiiiiiis e e e e eaaaas X-58..
4.1.1.1.5 Sensor Design Verification TESLS.......u.iiii it X-58
A I =S I 1 X-58
4.2.1 PhiloSOPNY Of TESHNG. . ..utteiiiiiie e X:58..
4.2.2 LoCAtION Of TESHING.....iteeeiiiiiiiei ettt e e e X-58..
4.2.3 PhYSICaI MOELS........eutiiiiiieee et e e e e eeeees X:59...
4.2.3.1 Engineering Development Unit (EDU)........coovuiiiiiiiiiiie e e e X-59
4.2.3.2 MASS MO ...ttt e e e e aaaaaaas X-59
4.2.3.3 Spacecraft/Sensor Mechanical Interface Simulator..............cceeviiiiiiiiiin e, X-59
4.2.3.4 Spacecraft/Sensor Electrical Interface Simulatar................coovviiiiiiiiiiiiiiee e X-59
4.2.4 Math Model Requirements
4.2.4.1 Finite Element MOdel ...
4.2.4.2 Thermal Math MOGEI..........uuuiiiiiiiiiiiiiiiiieee ettt ettt e et e e e e e e e e e e e e s cm——
4.2.5 STUCUIAl ANAIYSES ..ot e e e e e e e e e e eneeees X-61
4.2.6 Developmental TeSHING........ccooiiiiiiiiiiiiie et s X-61...
4.2.7 Acceptance and Protoqualification TeStiNg ............uuvurrriiiiiiiiiiiiiiiiiiiiiiiiiieiieiiiiiine. X-61.....
4.2.7.1 RaNdOmM Vibration TESHIG .. ..uuu i eeiiiiiii ettt e e e e e e et s e e e e e aa e e e e e eaneans X:62..
4.2.7.1.1 Acceptance Level Random Vibration TEeStNG.........ccvviiiiiiiieeiiiiiiiie e X-62
4.2.7.1.2 Protoqualification Level Random Vibration Testing...........cccvvviiiiieiiiiiiiiineeeceiiinnn X-64
4.2.7.2 SiNe Vibration TeSHNG ......uuuuiiii i e e e ettt e e e e e e s aeeeeeeenmmnns X-65
4.2.7.2.1 Acceptance Level Sine Vibration TeSHNQ.......cccvuuiiiiieiiiiiiiiie e X-65
4.2.7.2.2 Protoqualification Level Sine Vibration Testing............cccvevveeiieiiiiiiieeeeiiiinnnnn. ....X-65
4.2.7.2.3 DeSIgN SIrENQtN ..o X660
N G R A\ oo = =Y = o ] I =S 1] o TP X-66...
o S g T Tt I =1 1] o S PSPPPPN 6.... X-6
4.2.7.4.2 Protoqualification Level Sensor Shock TeSHNG........oviiiiiiiiiiiieeciiie e, X-~66
4.2.7.5 ACOUSHC TOSHNG .. uuuuieeiiiiiiie e e e ettt e e e e e e e e e e e e e s e e e e e e s e e e e e easta e e eeeesbaan s X-67....
4.2.7.5.1 Acceptance Level ACOUSEIC TESHNG. . ..iiiiiiiiiiiie et s e e e et e e e e e e eaaees X:67
4.2.7.5.2 Protoqualification Level ACOUSHIC TESHNG ......ciceviiiiiiiieeieeiiiee e X-68
4.2.7.6 ThermMal TeSHNG......cuuuiiii et e ettt e e e e e e et e e e e e e eeesatt e e e eaeeeennnsans X-69
4.2.8 EMC/EMI TESHING teetuniieieiiiie ettt e e et e e e e e et e e e e e etba e e e e eetnnn s eman X-69.
4.2.9 CUIrent Margin TESTING .....uuiiii ettt e e e e e e e X:70...
4.2.10 DePloyMENT TESTING. . .uuuuuuuiie ettt e ettt e e e e e e e e e e X:70..
4,200 OULGASSING -.eetttetremnttttnii e e e e e e e ee ettt e aab bbb r e e e e e e e e e eeeeeeeeesabbbb e a e e e e e e e e e e s mmm— X-70
4.2.12 Requalification of EXIStiNG DeSIGNS.......uuuuuiiiiieieeeiiiiiiiiiii e X-10
4.2.13 Lifetime TeSHNG .. .coi ittt e e e e e e ettt et et bbb emmmmna X:71
4.2.14 Pre-launch Validation TeSS. .....oii i X-71......
4.2.14.1 Sensor Pre-launch Validation TeSES. ....ccoiiiiiiiiiiiiiiiiiiiieeee e s X:71
Y4 o [ N N [ PP X-72
T T IS = 1 [0 F= U o IS o= o 1L PSR X:72.
4.3.2 Verification MEthOUS........coiiiiii e X:72..
4.3.3 Requirements Validation ... e X -73...
A.3.4 DaAtADASES. ... cieeiei et aaaaas X:13....
4.3.5 EXternal/Built-in TESHNG......cccoiiiiiieeeee e X-74
e B ST = T | o o X-74
5 PREPARATION FOR DELIVERY ...t e e X:-74.
5.1 PRESERVATION AND PACKAGING..... ..ottt e e X714
5.2 MARKINGS. ...ttt et e e e et e e e e st e e e e et e e e s sntaeeesssteaeennnes X-75
Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS

F04701-97-C-0036
(vi)



LIST OF FIGURES

FIGURE 3.1.3 PARTIAL SPECIFICATION TREE FOR THE NPOESS SYSTEM........ccccovrveunnene. 13
FIGURE 3.2.3 SENSOR INTERFACES ......ccetitititiiititiieieteie ettt ettt ese e eeas s s anenens 29
FIGURE 3.2.4.3.3.1. SPACECRAFT-SENSOR ELECTRICAL INTERFACES.........coorviririrreririnnensinrerennas. X-8
FIGURE 3.2.4.8.2 DATA TRANSFER INTERFACE ..ottt X-18
FIGURE 3.2.4.8.2.3 COMMAND AND DATA HANDLING INTERFACE TOPOLOGY............ccocrvrrerenne. X-19
FIGURE 3.2.6.2.1.1 MAXIMUM PLF INNER TEMPERATURES.......c.cvurtuiiririirisiensissesasessssesessseens X-27
FIGURE 3.2.6.2.3 MLV QUASI-STATIC LOAD FACTORS.......ccrvuiimierimierisssessssnsessssasessssssesssssesseens. X-28
FIGURE 3.2.6.2.5 MLV ACOUSTIC LEVELS.....c.tuuriuiiarisisces st X-29
FIGURE 3.3.12.7.5.1 ALLOWABLE TRANSMITTED TORQUE........ccovuiumimrerieseesnrsnsesseenessesenesnsenens X-47
FIGURE 4.2.7.1.1 RANDOM VIBRATION - ACCEPTANCE LEVELS........ovuuiiuiiniiieieessieseseensiesenisnes X-63
FIGURE 4.2.7.1.2 RANDOM VIBRATION - PROTOQUALIFICATION LEVELS.........ccoovvuiririirririrninenn. X+65
FIGURE 4.2.7.2.2 SINUSOIDAL PROTOQUALIFICATION TEST LEVELS......covviiiiiieisceeiseeeinens X-66
FIGURE 4.2.7.4 SHOCK SPECTRUM (Q=10Q)......cuueuvuarerimaeeseessessssesessesesesss s ses s sssasesenns X-67
LIST OF TABLES
TABLE 3.1.1.1 GPSOS SENSOR CHARACTERISTICS ...ttt 12
TABLE 3.2.4.7.3.2 WORSE-CASE HOT AND COLD ENVIRONMENTS..........ccvvviimiriineinnieneeneceeens X-14
TABLE 3.2.4.7.6.1 THERMAL CONTROL HARDWARE RESPONSIBILITY.........cvuririereriirnerniecensines X-15
TABLE 3.2.6.1.1 TOTAL IONIZING DOSE ENVIRONMENT.......ccc.oovuuririiniriinessnesessnscesssesesssesesenens. X-24
TABLE 3.2.6.2.5 MAXIMUM ACOUSTIC LEVELS.......oruuiuiirirnisieseissseseses s X-30.
TABLE 3.3.12.4.1 STRUCTURAL DESIGN FACTORS OF SAFETY.......covuiiiiiimiiiesaseeiesiessseeeens. X-43
TABLE 3.3.12.4.2 FACTORS OF SAFETY FOR PRESSURIZED COMPONENTS .........covvuriniriienenne. X-44
TABLE 4.2.7.1.1 RANDOM VIBRATION - ACCEPTANCE TEST LEVELS........oooiiuiiriiiineiciseinceenens. X-63
TABLE 4.2.7.1.2 RANDOM VIBRATION - PROTOQUALIFICATION LEVELS .......oovvriniiririenrinieeninens X-64
TABLE 4.2.7.2.2 SINUSOIDAL TEST LEVELS......couitutiiiiaisieiseisseeces s X+65.
TABLE 4.2.7.5.1 ACCEPTANCE ACOUSTICS LEVELS ......ocuuiiiiriimeinieieisesesissesesesssa s X-68
APPENDIX A DEFINITION/GLOSSARY OF TERMS .....coiiiiiiiiiiiiiiiissieeeeeeeee s A-1
APPENDIX B SURVIVABILITY REQUIREMENTS  ....ooiiiiiiiiiiiieieieieiseie st B-1
APPENDIX C SENSOR DATA RECORD (SDR) CHARACTERISTICS ......c.ouuiiiiiiiiiinisisisseeeiseienins c-1
APPENDIX D DELETED—SEE TRD APPENDIX D (NPOESS SYSTEM EDR REQUIREMENTS).......... D-1
APPENDIX E NPOESS EDR/RDR MATRIX .....oouuituiaiaiaiisiiseississise sttt E-1
APPENDIX F ACRONYMS AND ABBREVIATIONS ..ottt F-1
APPENDIX G POTENTIAL PRE-PLANNED PRODUCT IMPROVEMENTS (P *I).....cocoiiviiiiiniicicieines G-1
APPENDIX H TEST VERIFICATION MATRIX  ...ooiiiiiieiiiieieieieis ittt H-1
Modification POO00#(s) affecting this page: 6 ATTACHMENT 3 SRD GPSOS
F04701-97-C-0036

(vii)



1 SCOPE

1.1 IDENTIFICATION

This Sensor Requirements Document (SRD) sets forth the requirements for a Global
Positioning System Occultation Sensor (GPSOS) of the National Polar-orbiting
Operational Environmental Satellite System (NPOESS).

1.2 SENSOR OVERVIEW

The GPSOS sensor must satisfy GPSOS requirements foa) the GPSOS-assigned
Environmental Data Records (EDRS), b) the on-orbit determination of position and
time, and c) the ground-processed Precise Orbit Determination (POD). The GPSO
sensor makes observations of navigation signals from the Global Navigation Satellite
System (GNSS) consisting of the GPS and the GLONASS.

Two types of occultations are possible: rising and setting. A setting occultation starts
when the combined orbital motions of the NPOESS satellite and one of the GPS or
GLONASS satellites being tracked by the GPSOS sensor are such that the GPS or
GLONASS satellite, as viewed from NPOESS satellites, drops below the NPOESS local
horizontal plane and ends when the GPS or GLONASS satellite, as viewed from
NPOESS, drops behind the Earth’s limb. Setting occultations occur for GPS/GLONASS
satellites that are in the hemisphere behind the NPOESS satellite (anti-velocity direction).
A rising occultation is the inverse of a setting occultation. Rising occultations occur for
GPS/GLONASS satellites in the hemisphere in front of the NPOESS satellite. Both
setting and rising occultations are to be trackethbyGPSOS sensor. Tracking of risind;
occultations requires that the GPSOS sensor be capable of rapidly locking on the
GPS/GLONASS signals as they appear from behind the Earth’s limb.

1.3 DOCUMENT OVERVIEW

This document contains all performance requirementh&sensor suite. This documednt

also defines all sensor-spacecraft interfaces for the sensor suite. The contractor should use
the document as the basis of a proposed sensor suite specification. The documentation
listed in section 2.0 follows an approach of minimum specs and standards. The contractor
may add to or revise the documents listed in section 2.0 in coordination with the
government. The teri{f TBD)” applied to a missing requirement means that the |
contractor should determine the missing requirement in coordination with the government.
The term*(TBS)” means that the government will supply the missing information in t)—‘e
course of the contract. The tef(TBR)” means that the requirement is subject to review
for appropriateness by the contractor or the government. The government may change
“(TBR)” requirements in the course of the contract. |

Appendix A contains a definition of the terms used throughout the document. Appendix
B, NPOESS survivability requirements, is classified and, if applicable, will be made
available after contract award. Appendix C is a Sensor Data Record Characteristics
section presently TBR. Appendix®Bferencesthe Technical Requirements Document |
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Appendix D, which contains the NPOESS EDR requirements. Appendix E contains the
RDRs and EDRs required for each Central and Field Terminal (TBR). Appendix F defines
the acronyms and abbreviations used throughout the document. Appendix G describes
Potential Pre-planned Product Improvements. Appendix H is the Verification Cross
Reference Matrix (TBD).

1.3.1 CONFLICTS

SRDX1.3.1-1
In the event of conflict between the referenced documents and the contents of this
specification, the contents of this specification shall be the superseding requirements.

SRDX1.3.1-2

In the event of a conflict involving the external interface requirements, or in the event of
any other unresolved conflict, the contracting officer shall determine the order of
precedence.

1.3.2 REQUIREMENT WEIGHTING FACTORS

The requirements stated in this specification are not of equal importance or weight. The
following three paragraphs define the weighting factors incorporated in this specification.

a. Shall designates the most important weighting level; that is, mandatory. Any
deviations from these contractually imposed mandatory requirements require the
approval of the contracting officer.

b. Should designates requirements requested by the government and are not
mandatory. Unless required by other contract provisions, noncompliance with the
shouldrequirements does not require approval of the contracting officer.

d. Will designates the lowest weighting level. Thegkerequirements designate the
intent of the government and are often stated as examples of acceptable designs,
items, and practices. Unless required by other contract provisions, noncompliance
with thewill requirements does not require approval of the contracting officer and
does not require documented technical substantiation.

1.4 SYSTEM CLASSIFICATIONS N/A
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2 APPLICABLE DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

The following documents of the exact issue showrform a part of this SRD to the
extent specified herein. SRDX1.3.1-1 provides guidance in the event of a conflict
between the documents referenced herein and the contents of this specification.
Changes to the document list in this section are (TBR).

SPECIFICATIONS:

Military

DOD-E-83578A
May 96

Mil-A-83577B
Feb 88

STANDARDS:

Federal

Military

FED-STD-209E
Sep 92

MIL-STD-461D
Jan 93

MIL-STD-462D
Jan 93

MIL-STD-1540C
Sep 94

MIL-STD-1541A
Dec 87

MIL-STD-1553B
Jan 96

MIL-STD-1773B
May 88

General Specification for Explosive Ordnance for Space
Vehicles

Moving Mechanical Assemblies for Space Launch
Vehicles

Airborne Particulate Cleanliness Classes in Cleanrooms
and Clean Zones

Electromagnetic Emission and Susceptibility
Requirements for the Control of Electromagnetic
Interference

Measurement of Electromagnetic Interference
Characteristics

Test Requirements for Launch, Upper Stage, and Space
Vehicles

Electromagnetic Compatibility Requirements for Space
Systems

Digital Time Division Command/Response Multiplex
Data Bus

Fiber Optics Mechanization of an Aircraft Internal Time
Division Command/Response Multiplex Data Bus

Department of Commerce/NOAA: None (TBR)
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OTHER PUBLICATIONS:

Regulations
AFM 91-201 Explosive Safety Standards

7 Oct 94

EWR 127-1 Eastern and Western Range Safety Requirements
31 Mar 95

Handbooks None (TBR)
Bulletins None (TBR)

Other
GPS ICD 200 REV “NAVSTAR GPS Space Segment/Navigation User
C, 19 January 1995 Interface”(U) UNCLASSIFIED

(Contractors requiring copies of specifications, standards, handbooks, drawings, and
publications in connection with specified acquisition functions should obtain them from the
contracting activity or as directed by the contracting officer.)

2.2 NONGOVERNMENT DOCUMENTS

The following documents of the exact issue showrform a part of this SRD to the
extent specified herein. SRDX1.3.1-1 provides guidance in the event of a conflict
between the documents referenced herein and the contents of this specification.
Changes to the document list in this section are (TBR).

SPECIFICATIONS: None (TBR)

STANDARDS:
CCSDS 203.0-B-1 CCSDS Recommendations for Space Data System
Jan 87 Standards. Telecommand, Part 3: Data Management

Service, Architectural Definition, Issue 1

CCSDS 701.0-B-2 CCSDS Recommendations for Advanced Orbiting

Dec 87 Systems, Networks and Data Links, Architectural
Specification

National Hazardous Materials Management Program

Aerospace

Standard (NAS)

411

Rev 2, 29 Apr 94

DRAWINGS: None (TBR)
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OTHER PUBLICATIONS: None (TBR)

2.3 REFERENCE DOCUMENTS
The following documents are for reference only and do not form a part of this

specification.
SPECIFICATIONS:
Military None (TBR)

STANDARDS:

DOD 5200.28-STD Department of Defense Trusted Computer System

Mar 88

MIL-STD-129M
1 Jun 93

MIL-STD 961D
Aug 95

MIL-STD-498
5 Dec 94

MIL-STD-882c
Jan 93

MIL-STD-1246C
Apr 94

MIL-STD-1522A
May 84

MIL-STD-1542B
Nov 91

MIL-STD-1543B
Oct 88

MIL-STD-1547A

Evaluation Criteria

Marking for Shipment and Storage Notice 1, 15 Sep 89
DoD Standard Practice for Defense Specifications, w/
Notice 1

Software Development and Documentation
System Safety Program Requirements

Military Standard Product Cleanliness Levels and
Contamination Control Program

Standard General Requirements for Safe Design and
Operation of Pressurized Missile and Space Systems

Electromagnetic Compatibility (EMC) and Grounding
Requirements for Space Systems Facilities

Reliability Program Requirements for Space and Launch
Vehicles

Parts and Materials Program for Space and Launch

Dec 92 Vehicles
MIL-STD-1809 (USAF) Space Environments for USAF Space Vehicles
Feb 91
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TM-86-01

Department of Commerce
DOC Sep 95
Edition
Sep 95

S24.801
2 Dec 88

S24.806
30 Apr 87

S24.809

Dec 89
NASA

PPL-21

March 1995

Technical Manual Contract Requirements

National Telecommunications and Information
Administration, Manual of Regulations for Federal Radio
Frequency Management

Preparation of Operations and Maintenance Manuals
Software Development, Maintenance, and User
Documentation

Grounding Standards

Preferred Parts List, Goddard Space Flight Center
(Updated May 1996)

SP-R-0 022A (JSC) General Specification, Vacuum Stability Requirements of

9 Sep 74

Polymeric Material for Spacecraft Application

NASA Tech Memo Orbital Debris Environments for Spacecraft Designed to

100471

SP 8031
1969

OTHER PUBLICATIONS:

Regulations None (TBR)

Operate in Low Earth Orbit

NASA Space Vehicle Design Criteria/Structures

Handbooks
DOD-HDBK-263B Electrostatic Discharge Control Handbook for Protection
(date) of Electrical and Electronic Parts, Assemblies, Equipment
MIL-HDBK-340 Application Guidelines for MIL-STD-1540B
1Jul 85
DOD-W-83575 Gen Spec for Wiring Harness, Space Vehicle, Design and
Jun 96 Testing
MIL-I-46058 Insulating Compound, Electrical (for Coating Printed

Circuit Assemblies)
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1985 Handbook of Geophysics and Space Environments

AFM 15-111 Surface Weather Observations
1 Sep 96

Bulletins

Other
TRD for NPOESS Technical Requirements Document (TRD) for National
(current version)  Polar- Orbiting Operational Environmental Satellite
System (NPOESS) Spacecraft Payloads

IRD for NPOESS Interface Requirements Document (IRD) for National
(current version)  Polar-Orbiting Operational Environmental Satellite
System (NPOESS) Spacecraft

IORD for Integrated Operational Requirements Document (IORD)
NPOESS for National Polar Orbiting Operational Environmental
28 Mar 96 Satellite System (NPOESS) Spacecraft Payloads

ASTME-595-93  Standard Test Method for Total Mass Loss and Collected
(current version)  Volatile Condensable Materials for Outgassing in a
Vacuum Environment

Attachment C S- AMSU-A Instrument Performance and Operation
480-80 Revised  Specification (for the EOS/METSAT Integrated
December 1994  Programs); NASA GSFC

SYS/AMS/J0105/ AMSU-B Instrument System Specification (British
BAE Aerospace)
03 Feb 1993

(Technical society and technical association specifications and standards are generally
available from reference libraries. They are also available in technical groups and using
federal agencies. Contact the contracting officer regarding any referenced document not
readily available from other sources.)
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3 SENSOR REQUIREMENTS
3.1 DEFINITION

3.1.1 SENSOR DESCRIPTION

The GPSOS sensor is one of several sensors under development by the Integrated
Program Office (IPO) for utilization by POES/DMSP and NPOESS era satellite
constellations. The GPSOS sensor provides real-time, on-orbit positioning, timing, and
acquires data to enable ground processing yielding precise orbit determination (POD), and
occultation event phase/amplitude data to within the specifications listed below. The
offeror’s proposal addresses each of the areas and provides rationale and supporting
analysis for all deviations. The Government desires to provide early NPOESS data to
users by possibly flying one or more of the GPSOS sensors on POES and DMSP. This
Sensor Requirement Document (SRD) for GPSOS defines the NPOESS GPSOS sensor
requirements. The NPOESS era constellation is planned to contain 3 satellites: 2 US built
and 1 built by EUMETSAT.

There will be approximately 5200 occultation events daily experienced by the NPOESS
constellation using the GPS and GLONASS satellite signals. The GPSOS sensor
measured occultation data will support determination of atmospheric vertical profiles of:
a) ionospheric electron density, and b) provide tropospheric temperature, pressure, and
moisture content (when merged with other ground-based data sensor data).

3.1.1.1 General Sensor Characteristics

TheseparateGPSOScomponentsinterface with the host satellite |
(DMSP/POES/METOP and NPOESS). There are several nadir viewing sensors on-board
the satellite and the GPSOS sensors and antennas cannot interfere with
DMSP/POES/METOP or NPOESS missions.

There are additional concerns regarding potential multipath effects on the
GPS/GLONASS signals attributable to the host satellite structure. The GPSOS
antenna(s) design minimizes these multipath effects. Assuming a 0 dB antenna gain with
GPS/GLONASS signals, the GPSOS receiver sensitivity requirement is estimated to be -
130 dBm for Right Hand Circular Polarization (RHCP).

SRDG3.1.1.1-1
Spurious multipath signals of Left Hand Circular Polarization (LHCP) shall be rejected by
an additional 20 dB.

SRDG3.1.1.1-2
The GPSOS sensor developer shall work with the spacecraft contractor to determine the
exact location(s) for the antenna(s).

SRDG3.1.1.1-3

The GPSOS sensor provides sensor status or housekeeping data to the spacecraft for use
in the downlink. The GPSOS sensor shall have the capability to internally measure power
supply voltages and temperatures to 1% accuracy.
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SRDG3.1.1.1-4

For test and pre-flight sensor checkout, an auxiliary RS-422 serial port shall support direct
communication with the GPSOS sensor and mechanism to retrieve mission data and
sensor housekeeping data. Over this port, a technician has control of the sensor using a
laptop and is able to receive mission data, command responses, and housekeeping data.
See Table 3.1.1.1, Footnote (d).

SRDG3.1.1.1-5
The GPSOS sensor quality shall be sufficient to satisfy requirements for the
determination of position, per SRDG3.2.1.1-1.

SRDG3.1.1.1-6
The GPSOS sensor quality shall be sufficient to satisfy requirements for the
determination of time, per SRDG3.2.1.1-2.

SRDG3.1.1.1-7

The GPSOS sensor shall be able to operate automatically with “power on,” but also be
able to be reconfigured by simple ground commands, e.g., redundancy commands,
changes in sampling frequencies, etc.

SRDG3.1.1.1-8

Receiver data quality shall be sufficient to support troposphere/stratospheric occultation
measurement analysis. The latter involves ground-based precise orbit determination using
GPSOS data combined with non-NPOESS ground data (e.g., IGS) to determine the
position and velocity of the NPOESS and GPS/GLONASS satellites. EDR values will be
updated within 20 minutes of receipt of the data at the Central or Tactical site. The
Navigation/POD and Troposphere/Stratosphere columns in Table 3.1.1.1 provide the
requirements levied on the receiver associated with this analysis.

SRDG3.1.1.1-9

The GPSOS sensor contractor shall be responsible for definition of the ground-based
processing algorithm yielding NPOESS velocity uncertainty to less than 0.5 mm/sec and
position uncertainty to less than 0.5 m.

SRDG3.1.1.1-10

Nominal channels: 5-6 channels each, for navigation both GPS and GLONASS; 8
channels for GPS occultations, and 8 channels for GLONASS occultations. A single
channel shall be defined as all observables associated with a single satellite at both L1 and
L2 frequencies (GPS) or both L1 and L2 frequency bands (GLONASS). Note: Within

the next 5-7 years, the GPS Block Il F satellites may have an additional frequency, i.e., L5
at approximately 1140 MHz. The GPSOS sensor will utilize L5 capability to improve the
delineation of the ionosphere refraction and navigational precision as a GPSOS sensor
Preplanned Product Improvement (P3l) capability, when available.

SRDG3.1.1.1-11

The GPSOS sensor shall support single difference occultation processing. This requires a
very low short-term clock drift specification (<10 mm in 50 seconds) and low phase noise
close to the carrier (<0.10 degrees of phase uncertainty).
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SRDG3.1.1.1-12

The GPSOS shall provide four configurable sample rates (see Table 3.1.1.1) within each
altitude range: a) Troposphere from 0 km to 20 km - configurable sample rate between
10-100 Hz; b) Middle atmosphere/E-region above 20 km to 150 km - configurable sample
rate between 5-20 Hz; c) lonosphere >150 km - sample rate configurable within the range
of 0.5 t0 5.0 Hz, (e.g., 0.5, 1.0, 28,5.0 Hz); and d) NAV data - configurable samplingy

rate range 1-300 seconds (e.g., 1,5,10,30,60, & 300 seconds).

SRDG3.1.1.1-13
The GPSOS shall be capable of removing the effects of Selective Availability meeting alll
specifications when Y-code is enabled.

SRDG3.1.1.1-14

On a daily basis, > 98%@ BR) of the available occultation events (rising and setting fo
GPS and GLONASS) shall be measured, i.e., 9B2&) of the available occultation
events within plus or minus 180BR) degrees of the satellite’s velocity vector.

SRDG3.1.1.1-15

The GPSOS shall have the ability to perform: on-orbit inter-frequency bias calibrations,
calibrate hardware induced absolute channel delays on each channel, and calibrate the
interchannel bias for both GPS and GLONASS.

SRDG3.1.1.1-16
GPSOS sensor software shall be 100% fully reprogrammable by command to the satellite
from the ground. The boot strap loader resides in ROM.

SRDG3.1.1.1-17
The GPSOS sensor memory shall be twice what is required to support the mission on Day
#1.

SRDG3.1.1.1-18

GPSOS sensor shall be able to maintain track on occulted satellites (GPS and GLONASS)
to within 5 km above the Earth’s limb (setting occultations) and acquire track within 10

km (rising occultations) above the Earth’s limb with a > 90% probability.

SRDG3.1.1.1-19
The GPSOS shall use the GPS and GLONASS to perform its navigation function
and to produce its assigned set of Primary and Secondary EDRs.

SRDG3.1.1.1-20
Deleted. |

SRDG3.1.1.1-21

These specifications (Table 3.1.1.1) shall be analyzed (Physical Optics - PO, Geometric
Theory of Diffraction - GTD, or Method of Moments - MOM, as appropriate) and
verified using compact range measurements ondukub-scale modglas appropriate.
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SRDG3.1.1.1-22

These analys and corresponding compact range performance verification measurenhents
shall serve as the basis for factory acceptance testing of the GPSOS sensor.

Table 3.1.1.1 GPSOS Sensor Characteristics

Receiver Parameter,  RT Navigatidn Navigation/POD lonosphere Troposphere/Stratasp

here
1. Configurable 0.10 Hz 0.10 Hz 1Hz 100 Hz
Sample Rate
2. Carrier Phase 3.0 mm 3.0 mm 3.0 mm 0.1 mm (L1 @ 1 sec)
Precision @ Sample 0.4 mm (L2 @ 1 sec
Rate” c
3. Systematic Carrierl 1.0 mm/sec 0.1 mm/sec 0.1 mm/sec 0.1 mm/sec
Phase Drift/Accuracy
4. Carrier Amplitude N/A N/A <1.0 <1.0
Stability (% change
over 60 seconds)
5. Carrier Amplitude N/A N/A <2.0 <2.0
RMS Jitter (% @ 20
msec)
6. Pseudorange 0.25 m P-code 0.3 m (dual 0.3 m threshold N/A
Position (m) 15.0 m C/A- frequency, 10 L1-L2

code sec) differential
7. Pseudorange TBS 0.01 N/A N/A
Systematic Errors (m
8. Scintillation N/A N/A Every 10 sec N/A
Parameters derived from
underlying high
rate amplitude
& phase

8. Amplitude 8 bits 10 bits 12 bits 12 bits
Precision
Footnotes:

a) Amplitude Stability - during a troposphere/stratosphere occultation event, i.e., 6

seconds, the system noise and gain stable to 1.0%

b) Phase cycle slips should be minimized with no more that a 99.9% probability wit

one orbit period at a receive sensitivity of -130 dBm.

c) A GPSOS sensor with an antenna gain > 0 dBi might contribute.
d) RT Navigation - real time, on-orbit navigation data and master clock data made
available to the satellite computer.

—

n

3.1.2 SYSTEM SEGMENTS N/A
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3.1.3 SPECIFICATION TREE
Figure 3.1.3 shows a partial specification tree for the NPOESS System.

NPOES$S
TRD\poESS
SYSTEM
SPEC
C3 Launch Space IDPS
Sagyment Sagment Segment Sagment
Spec Spec Spec Spec
Interface Reg Spacecraf
Document [ | Spec
VIIRS CMIS CrlS
SRD SRD SR
VIIRS CMIS CrlS Other
Spec Spec Spec SRDs
OMPS GPSO§
TRD - Technical Requirements Document =RD OMPS SRO GPSOS
- I ul u
SRD - Sensor Requ?rements Document SDEC SDEC

Figure 3.1.3 Partial Specification Tree

3.1.4 TOP-LEVEL SENSOR FUNCTIONS
See Section 3.1.6.2.

3.1.5 SENSOR MODES
3.1.5.1 Common Sensor Modes

3.1.5.1.1 Sensor Off Mode

SRDG3.1.5.1.1-1
In the sensor off mode, no power shall be supplied to the sensor.

3.1.5.1.2 Operational Mode
The sensor maintains operational modes as follows:

SRDG3.1.5.1.2-1
The sensor shall be in full functional configuration during this mode.
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SRDG3.1.5.1.2-2
Data collection - Mission and housekeeping data shall be collected.

SRDG3.1.5.1.2-3
Calibration - Calibrations shall be done during regular operations.

3.1.5.1.3 Sensor Diagnostic Mode

SRDG3.1.5.1.3-1
Diagnostic mode shall include trouble shooting and software updates.

3.1.5.1.4 Sensor Safe Hold Mode

In the Safe Hold mode, health and status data are collected and transmitted. Mission and
calibration data are not collected. Safe State - Most Components turned off, with survival
heaters activated.

SRDG3.1.5.1.4-1

The Safe Hold Mode is a power conservation mode. The GPSOS sensor shall be
commanded into this mode automatically by the spacecraft in the event the satellite enters
an anomalous configuration or orientation as determined by the satellite computer. A
power subsystem anomaly is such an event.

The C&DH will issue power conservation re-configuration commands to the sensors via
the data bus that will place the sensor in a safe configuration. The return to the
Operatioml Mode requires ground intervention. |

3.1.5.2 GPSOS Sensor Specific Modes

SRDG3.1.5.2-1
The GPSOS shall provide determinations of position and time, per SRDG3.2.1.1-1
and SRDG3.2.1.1-2, in the sensor Operational Mode.

3.1.5.3 Payload Mode Documentation
SRDGS3.1.5.3-1
The sensor ICD shall define Payload (Sensor) modes.

SRDG3.1.5.3-2
The ICD SAFE shall define Mode re-configuration commands.

3.1.6 OPERATIONAL AND ORGANIZATIONAL CONCEPT
3.1.6.1 Launch Operations Concept

3.1.6.1.1 Préaunch

The satellite will be transported directly to the launch base for final vehicle preparations
and checkout. Final inter-segment and launch system verification tests will be
accomplished prior to launch.
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The GPSOS sensors will be delivered and integrated onto the specified satellite platforms.

SRDG3.1.6.1.1-1

During integrationvarious GPSOS verification tests are required. The GPSOS senspr
shall provide data interface and sensor diagnostics as described in Section 3.1.1.1. The
satellite will be transported directly to the launch base where final vehicle preparations and
checkout will be accomplished. Final inter-segment and launch system verification tests
will be accomplished prior to launch.

3.1.6.1.2 Launch

The GPSOS sensor will be turned on as soon as is practical to assist in the satellite early
orbit tracking and provide ephemeris data.

SRDG3.1.6.1.2-1

During launch and injection to the operational orbit, the GPSOS sensor shall be powered
on unless recommended otherwise by the vendor in order to provide protection from the
launch and injection environments. Specifically, the GPSOS sensor can support early
anomaly resolution by providing navigational data to the satellite and is useful for
monitoring satellite vehicle status.

SRDG3.1.6.1.2-2
Satellite telemetry, which includes GPSOS navigational data, shall be transmitted to
ground monitoring stations to be used to the extent practicable during the injection phase.

SRDG3.1.6.1.2-3

After insertion into its operational orbit and separation from the launch vehicle,
appropriate deployments shall be initiated by memory command. Early orbit check-out
will be conducted at the NPOESS primary SOC in Suitland, MD.

3.1.6.2 On-orbit Operational Concept

3.1.6.2.1 Overview

The NPOESS satellite will operate in a near circular, sun-synchronous orbit. The nominal
orbit for the satellite is 833 km altitude, 98.7 (TBR) degree inclination. The orbit will be a
“precise” orbit (i.e., altitude maintained#0TBS km, nodal crossing times maintained to

+ 10 minutes throughout the mission lifetime) to minimize orbital drift (precession).
NPOESS must be capable of flying at any equatorial node crossing time. However, the
nominal configuration is with the satellite orbits equally spaced, with 0530 and 1330 nodal
crossing times for the U.S. Government satellites and 2130 for the METOP satellite.

The sun Beta angl@, is the angle between the solar vector (i.e., the satellite-sun line) and
the orbit plane. For sensor thermal design purposes, the ragdgeradhe NPOESS

missions is = 90 degrees. The satellite will maintain the sun on the appropriate side of the
satellite to meet the ‘all beta’ requirement. Sensor suite design allows for
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approximately a 5 degree infringement of sun on the cold space side of the satellite in the
case of a noon or midnight orbit.

The GPSOS is also a sensor with early flight opportunity potential on DMSP and POES.
The above information describing NPOESS satellite orbital parameters is intended as
guidance to the Contractor.

3.1.6.2.2 On-orbit Tests

The initial on-orbit period is devoted to a complete satellite checkout and the calibration
and performance verifications of the payload(s). The satellite and payload performance
verification tests may be repeated at appropriate times during the operational phase of the
mission.

3.1.6.2.3 Operations

SRDG3.1.6.2.3-1
The GPSOS sensor shall be capable of operating for 21 days with a goal up to 60 days
without additional commands.

SRDG3.1.6.2.3-2

On-orbit storage of occulting and non-occulting satellite data for transmission to the

satellite C3 subsystem shall be at variable rates dependent on the altitude of the
GPS/GLONASS signal path above the Earth’s surface (the “ray tangent altitude”). The
GPSOS sensor sample rates are selectable by ground control commands selectable in each
band between the defined limits in four atmospheric regimes/vertical profiles: a)
troposphere — surface to 20 km @ 10-100 Hz; b) stratosphere to E region ionosphere — 20
km to 150 km @ 5-20 Hz;) ionosphere- 150 km to 1000 km @ 0.5 to 5.0 Hz; aid |
navigation @ 1.0 - 0.03 Hz.. Data from these different regions is used in different ways
during ground processing to produce different products as described below.

SRDG3.1.6.2.3-3
Deleted |

SRDG3.1.6.2.3-4

With the exception of the scintillation parameters, processing of the GPSOS data into
Environmental Data Records (EDRSs) is performed on the ground. Two classes of EDRs
are derived from the GPSOS data: tropospheric/stratospheric and ionospheric. Both
classes of EDR shall be produced in near real-time (i.e., within 20 minutes of receipt of the
data at the Central or Tactical site). The GPSOS sensor contractor is responsible for
producing EDRs from the GPSOS sensor RDRs.

Calculation of tropospheric/stratospheric EDRs (i.e., atmospheric temperature and water
vapor profiles) involves determination of the atmospheric contribution to the observed
GPS/GLONASS signal Doppler. However, prior to this determination, the observed
signals are corrected for any clock errors associated with the GPSOS reference oscillator
or the GPS/GLONASS satellite clocks. Clock errors within GPSOS are removed by use
of a reference satellite.
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SRDG3.1.6.2.3-5
When observing an occultation, the GPSOS shall simultaneously select and track a non-
occulted reference satellite at the same higher rate as the occulted satellite.

This allows the use of the single-differencing data processing technique to correct GPSOS
clock errors during ground processing. Clock errors in the GPS/GLONASS satellites are
of one of two types: slow drift in the on-board atomic clocks (present for both GPS and
GLONASS) and the intentionally induced errors associated with selective availability

(GPS only). Apart from the effects of Selective Availability (S/A), the GPS and

GLONASS satellite clocks are believed to be stable enough to allow accurate
determination of EDRs without any corrections. With regard to the errors induced by

S/A, other occultation sensors, i.e., GPS/MET has used data from ground-based GPS
receivers in a double-differencing scheme to make the needed corrections.

Given the observations after correction for clock errors, the atmospherically induced
Doppler is determined by subtracting the Doppler due to relative GPS/GLONASS-
NPOESS satellite motion from the observed Doppler. Determining the Doppler due to
satellite motions in turn requires high precision orbit determination for both
GPS/GLONASS satellites and for NPOESS. High accuracy GPS and GLONASS
ephemerides are obtained on the ground through processing of data from ground-based
(non-NPOESS) GPS and GLONASS receivers, i.e., the IGS system. The high accuracy
GPS/GLONASS ephemerides are then used together with GPSOS observations of non-
occulted satellites to determitige high accuracy ephemeris for NPOESS. |

SRDG3.1.6.2.3-6

In order for the precise ephemeris to be determined, the position of the GPSOS antenna(s)
phase center(s) relative to the satellite center-of-mass shall be accurately known to < 1.0
cm.

In addition, an accurate map of antenna amplitude and phase as a function of look angle
are known. With the high accuracy ephemerides of all satellites known, it is then possible
to remove the orbital motion induced contribution to the signal Doppler and determine the
atmospheric contribution. The atmospherically induced Doppler is related to the amount
of bending of the ray path between NPOESS and the occulted satellite. The bending, after
a dual frequency correction for the effects of the ionosphere along the ray path, is in turn
related to the atmospheric refractivity profile. This profile will be obtained by applying the
appropriate data inversion scientific algorithms. The refractivity profiles may be converted
into atmospheric temperature and water vapor profiles.

Determination of electron density profiles and slant gattal Electron Content (TEC) |

from GPSOS data should involve one of two techniques, or some combination thereof. A
single frequency method based on ray path bending is possible which involves
considerations similar to those described above for the troposphere/stratosphere
(correction of clock errors and subtraction of geometric Doppler). Alternately, a dud
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frequency scientific algorithm exists whereby line-of-sigfitEC observations obtained |

from the differential pseudorange and phase are converted into a vertical electron density
profile. Occultations which occur off to the side of the NPOESS satellite (out-of-track
occultations) provide useful information for NPOESS end users, but can not be processed
into vertical electron density profiles due to the substantial change in tangent point
location during the occultation. Slant path TEC observations from these types of
occultations should be produced as part of the GPSOS ground processing. Accurate
measurement of TEC requires knowledge of the inter-frequency bias of both the GPSOS
receiver and the transmitters on the GPS and GLONASS satellites.

SRDG3.1.6.2.3-7

In addition to vertical electron density profiles, the GPSOS data shall also be used to
produce observations of the total electron content (TEC) above the NPOESS satellite.
Data from non-occulted satellites is used for this purpose.

SRDG3.1.6.2.3-8

The GPSOS shall be capable of providing sensor data of sufficient accuracy to
support the ground-processed Precise Orbit Determination (POD), per
SRDG3.1.1.1-9.

3.1.6.2.4 GPSOS Sensor Checkout and Diagnostics

SRDG3.1.6.2.4-1

The GPSOS sensor shall be equipped with an RS422 serial port that permits direct access
to the GPSOS sensor housekeeping, power supply status-temperature and voltage, and
communications link. This port permits full access and control of the GPSOS sensor using
a laptop in order to receive data, command responses, and verify/measure sensor status
and subsystem interfaces.

SRDG3.1.6.2.4-2

During flight operations the mission controllers shall be able to monitor the GPSOS sensor
status and functions. For all diagnostic GPSOS sensor parameters are identified as well as
specification of parameter range tolerances, sensor anomalies, fault diagnostics, and failure
modes. The GPSOS sensor operates with “power on,” but also be reconfigurable by
simple ground commands, e.g., redundancy commands, changes in sampling frequencies,
etc.

3.1.6.2.5 GPSOS Contractor Responsibilities

The GPSOS sensor contractor is responsible for the following elements of the GPSOS
system:

SRDG3.1.6.2.5-1
The GPSOS sensor contractor shall be responsible for the GPSOS spaceflight hardware
and software.

SRDG3.1.6.2.5-2
The GPSOS sensor contractor shall be responsible for the calibration of the GPSOS
receiver and antenna(s).
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SRDG3.1.6.2.5-3

The GPSOS sensor contractor shall be responsible for ground-based performance
verification of sensor performance and acceptable multipath levels as verified by compact
range test on a full scale satellite (mock up) and GPSOS sensor. |

SRDG3.1.6.2.5-4

The GPSOS sensor contractor shall be responsible for development of scientific
algorithms that will be used for ground processing in the IDPS. When applied, the
algorithms should be capable of providing ionospheric EDRs. RDRs shall be of sufficient
accuracy and precision to allow processing of tropospheric/stratospheric EDRs
(temperature or humidity) meeting the clear air accuracy defined for the CrIMSS sensor.

SRDG3.1.6.2.5-5

The GPSOS sensor contractor shall be responsible for ground processing software for
refining the GPSOS navigation data accuracy to the level required to support NPOESS
imagery geolocation.

SRDG3.1.6.2.5-6
The GPSOS sensor contractor shall be responsible for the following elements of the
GPSOS system:

1) Ground processing software and auxiliary ground data sources needed to convert
SDRs into ionospheric, troposphere, and stratospheric EDRs.

2) Each GPSOS sensor identifies itself with a unique serial number and ROM code
version number every time it boots.

3.1.7 MISSIONS
Deleted

3.2 SENSOR CHARACTERISTICS
3.2.1 PERFORMANCE CHARACTERISTICS

3.2.1.1 Performance Requirements

SDRG3.2.1.1-1

The GPSOS shall provide, once per second, an on-orbit determination of sensor
position within the World Geodetic System (WGS-84) with an rms uncertainty of
25/25/25 meters for the radial/in-track/cross-track components, respectively, and
referenced to the GPSOS Time (GT), per SRDG3.2.1.1-2.

SRDG3.2.1.1-2

The GPSOS shall provide, once per second, an on-orbit determination of GPSOS
Time (GT) within the Universal Time Coordinated (UTC) reference having an
absolute correlation of time of 1 microsecond or better. UTC(USNO), kept by the
U.S. Naval Observatory, is the standard time reference. As an objective, the
GPSOS should provide a time reference capable of an absolute correlation of time {o
100 nanoseconds.
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3.2.1.1.1 GPSOS Environmental Primary Vs Secondary EDRs

Definitions of “primary” and “secondary” EDRs appear in the glossary and are replicerted
below.

The GPSOS SRD levies on the GPSOS contractor only those EDR attributes for which
the sensor has primary EDR scientific algorithm responsibility (primary EDR).
Requirements for the sensor to provide data as a secondary input to an EDR scientific
algorithm assigned to another sensor (secondary EDR) are (TBR) and will be established
60 days prior to SRR. Though not yet specified as requirements, the secondary EDRs are
listed in the SRD to encourage investigation of secondary EDR capabilities in the GPSOS
sensor design. Note also that the GPSOS sensor contractor identifies specifications for
any data required from other sources in order to meet the attribute requirements of the
primary EDR assigned to the GPSOS sensor.

3.2.1.1.1.1 Definition - Primary EDR

EDR attributes for which a sensor contractor has been assigned primary sensor and
scientific algorithm development responsibility. The scientific algorithm may or may not
require the use of additional data from other than the primary sensor.

3.2.1.1.1.2 Definition - Secondary EDR

EDR attributes for which a sensor may provide data as a secondary input to an EDR
scientific algorithm assigned as a primary EDR to another sensor contractor.

3.2.1.1.2 EDR Requirements

SRDG3.2.1.1.2-1
The environmental data records (EDRSs) shall meet the requirements specified in this
GPSOS SRD.

SRDG3.2.1.1.2-2
The primary EDRs shall meet the threshold levels as a minimum.

SRDG3.2.1.1.2-3

The modifications and clarifications of EDR requirements in this section shall take
precedence over any conflicting requirements or statements in Appendix D of the TRD,
and the IORD.

3.2.1.1.2.1 Requirements Format

EDR requirements are specified by a general definition of the required data content, the
units for the reported data, and a set of attributes. These attributes fall into four
categories: (1) those that further define data content in a precise, quantitative manner, (2)
those that constrain the quality of the data to be provided, (3) those that constrain the
reporting frequency for the EDR, and (4) the timeliness of EDR delivery to users. The
attributes addressing data content are horizontal and vertical cell size, horizontal and
vertical reporting interval, and horizontal and vertical coverage. The attributes addressing
data quality are measurement uncertainty, measurement accuracy, measurement precision,
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long term stability, and mapping uncertainty. The primary attributes addressing reporting
frequency are maximum local average revisit time and maximum local refresh. All of these
attributes apply to data products, not to sensor performance characteristics, and are
defined in the Glossary. The EDR requirements format is to address the data content
attributes first, then the data quality attributes, and finally the reporting frequency
attributes. The timeliness requirement is the same for all EDRs, and is specified as a
global requirement. General EDR requirements fall into two classes: (a) explicit
requirements on the EDR content, quality, refresh, and timeliness, and (b) requirements to
be derived by the contractor based on requirements for other EDRs. The explicit and
application-related requirements are specified below.

SDRG3.2.1.1.2.1-1
If a derived requirement conflicts with an explicit requirement and/or another derived
requirement, the most stringent requirement shall be satisfied.

3.2.1.1.2.2 Attribute Values

SDRG3.2.1.1.2.2-1

Unless otherwise specified, attribute values shall be interpreted as upper bounds anywhere
in the area where measurements are obtained, including the edge of the measuring sensor
field of regard. A threshold or objective is “met” or “satisfied” if the system performance
value is less than or equal to the specified value.

3.2.1.1.2.3 Attribute Values Expressed as Percentages

Unless otherwise specified, a percentage appearing as a value for an attribute is to be
interpreted as the percentage of the true value of the attribute. For any attribute where a
percentage and a numerical value are specified, the greater of the two is the requirement.

3.2.1.1.2.4 Vertical Height

Vertical height is measured either by atmospheric pressure or by height above the Earth’s
surface. A value of zero km for height refers to the Earth’s surface. Negative values of
height refer to depth below the Earth’s surface (land or water).

3.2.1.1.3 GPSOS EDRs

The attribute numbering is consistent with AppendigfBhe TRD, except for the prefacé
letter which indicates it is a unique requirement in this GPSOS SRD. Any difference in
these GPSOS SRD attributes take precedence over Appendix D values as they reflect an
intentional requirements allocation to this sensor.

3.2.1.1.3.1 Primary GPSOS EDRs

3.2.1.1.3.1.1 Electron Density Profiles/lonospheric Specification

The ionosphere is that portion of the Earth's upper atmosphere which is composed of
electrically charged particles (electrons and various ions). A complete vertical electron
density profile would extend from the D and E regions at altitudes between 60 and 150
km, through the F region within which the electron density reaches a maximum value
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nominally between altitudes of 250-350 km, through the topside up to 3,000 km, and into
the plasmasphere. The Air Force requires global ionospheric specification to meet a
number of operational needs. Electron density profile measurements, to include
measurements of various important parameters associated with a complete profile, are
required as inputs to and to augment the outputs of operational ionospheric models. The
GPSOS sensor data will be used to produce slant path (NPOESS to GPS/GLONASS
satellite) total electron content (TEC) measurements for all occultation events. In
addition, for occultation events which occur in viewing directions close to the spacecraft
orbit plane (within TBR degrees of the velocity or anti-velocity vectors), the GPSOS
sensor data will be used to produce vertical electron density profiles for altitudes below
the NPOESS altitude. Profile measurements above the NPOESS altitude are not required.
However, the GPSOS sensor data from non-occulting satellites will be used to produce

slant path TEC observations of the topside/plasmasphere.

Units:
Electron density: cin
HmMF2: km
TEC: 10%m? =1 TEC unit
Para. No. Thresholds Objectives
G40.8.5-1 a. Horizontal Reporting Interval (TBD) based on > 98%4.00%
of all possible
occultation events
G40.8.5-2 b. Vertical Reporting Interval 10 km within 100 km of | 5 km
(Applicable to profile only) E/F peaks, 20 km
elsewhere
c. Horizontal Cell Size
G40.8.5-3 1. 0-30° latitude (TBD) 100 km
G40.8.5-4 2. 30-50° latitude (TBD) 250 km
G40.8.5-5 3. 50-90° latitude (TBD) 50 km
G40.8.5-6 | d. Vertical Cell Size 10 km within 100 km of | 5 km
(Applicable to profile only) E/F peaks, 20 km
elsewhere
G40.8.5-7 e. Horizontal Coverage (TBD) based on > 98p4TBD)
of all possible
occultation events
G40.8.5-8 | f. Vertical Coverage (TBD) (TBD)
g. Measurement Range
G40.8.5-9 1. Density profile 3de5_107 Cm—3 104_107 Cm—3
G40.8.5-10 2. Slant path TEC 3-1000 TEC units (TBR) 1-1000 TEC ujits
h. Measurement Uncertainty
G40.8.5-11 1. Density profile Greater of 20% or 3xfo| 104 cn3
cm3 (TBR)
G40.8.5-12 2. HmF2 20 km 5 km
G40.8.5-13 3. HmE (TBD) (TBD)
G40.8.5-14 4. Slant path TEC 3 TEC units 1 TEC unit
G40.8.5-15| i. Maximum Local Average Revisit Time (TBD) (TBD)
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3.2.1.1.3.1.2 lonospheric Scintillation

Temporal and spatial fluctuations in ionospheric electron density lead to fading or
disruption of trans-ionospheric communication and radar signals, a phenomenon known as
scintillation. The extent of the effect depends on the relative motion of the ionosphere and
the signal source, the frequency of transmission, and the amplitude and spectral
characteristics of the ionospheric fluctuations. Direct measurements of scintillation in
terms of amplitude and phase fluctuation indicesn® sigma-g are required. Spectral
analysis of amplitude and phase measurements is desirable as well.

Units:
S,. Dimensionless
sigma-@: radians

Para. No. Thresholds Objectives
G40.8.11-1 a. Horizontal Cell Size (TBD) 50 km
(G40.8.11-2 b. Horizontal Coverage (TBD) (TBD)
c. Measurement Range
G40.8.11-3 1.8 0.1-15 (TBD)
G40.8.11-4 2. sigma-g 0.1-20 radians | (TBD)
d. Measurement Uncertainty
G40.8.11-5 1.8 0.1 (TBD)
G40.8.11-6 2. sigma-g 0.1 radian (TBD)
G40.8.11-7 e. Local Time Range (TBD) (TBD)

3.2.1.1.3.2 Secondary GPSOS EDRs

GPSOS secondary EDR requirements are EDR attributes for which a sensor may provide
data as a secondary input to an EDR scientific algorithm assigned as a primary EDR to
another sensor contractor. These EDRs are regarded as secondary because the scientific
algorithms and the inter-relationship to other NPOESS sensors are TBS items. Following
is a listing of secondary EDRs for the GPSOS:

A. Atmospheric Vertical Moisture Profile

B. Atmospheric Vertical Temperature Profile

C. Precipitable Water

D. Pressure Profile

3.2.1.1.3.3 Multiple Sensor Requirements

3.2.1.1.3.3-1

The GPSOS sensor contractor shall identify any constraints on the relationships between
the GPSOS and other co-located satellite sensors that are entailed by the contractor’s
algorithms for GPSOS primary EDRs. Such constraints might include, for example,
relative pointing knowledge, relative pointing accuraay] synchronization. Based on |
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this information and the corresponding information from other sensor development
contractors, the government may impose modified or additional requirements on the
GPSOS sensor and/or other sensor suites. |

3.2.1.1.4 RDR Requirements

Because RDRs are processed into EDRs, RDRs are considered to have met their
requirements when they are of an appropriate format, completeness, and quality to be
adequately processed into their associated EDRs.

SRDG3.2.1.1.4-1
The GPSOS contractor shall be responsible for generating operational RDRs.

3.2.1.1.5 Earth Location Requirements

SRDG3.2.1.1.5-1

The GPSOS sensor navigational data (Table 3.1.1.1) shall help provide knowledge of all
other, co-located payload sensor Lines-of-Sight (LOS). The GPSOS-provided

navigational data (Table 3.1.1.1) will allow the Earth location of the other satellite co}
located sensors and their associated data in geodetic latitude and longitude to be corrected
for altitude within the accuracy specified for each EDRinTRD Appendix D.

3.2.1.1.6 Scientific Algorithms

SRDG3.2.1.1.6-1
The contractor shall provide EDR scientific algorithms.

SRDG3.2.1.1.6-2
The EDR scientific algorithms shall, when used on GPSOS data, provide EDRs that
satisfy NPOESS requirements.

SRDG3.2.1.1.6-3

The contractor shall also identify use of any auxiliary data. The government's Operational
Algorithm Teams (OATSs), may also recommend science algorithms. These teams have
contributed to the definition of the sensor requirements of Section 3. The OATs may also
provide advisory information on GPSOS functional and calibration requirements.

SRDG3.2.1.1.6-4

The performance of the scientific EDR algorithms delivered by the GPSOS sensor
contractor shall meet EDR thresholds and be no worse than the performance of algorithms
utilized for current (TBR) operational data products for these EDRS, if such operational
products exist.

SRDG3.2.1.1.6-5
The contractor shall identify and quantify any EDR performance degradation resulting
from the lack of availability of any database or other ancillary data.
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3.2.1.1.7 Scientific Algorithm Convertibility to Operational Code

The government considers the SDR and EDR algorithms adopted, adapted, or developed
by the GPSOS contractor to be scientific, rather than operational, algorithms. The
GPSOS contractor is not responsible for identifying or developing operational SDR and
EDR algorithms for the GPSOS. (Any operational algorithms necessary for the
generation of RDRs will ultimately be the responsibility of the GPSOS contractor, and the
operational code implementing these algorithms will be part of the required flight

software. This statement applies to the post-downselect phase, i.e., Post-PDR, of the
GPSOS program.)

SRDG3.2.1.1.7-1

The scientific SDR and EDR algorithms delivered by the GPSOS contractor shall be
convertible into operational code that is compatible with a 20 minute maximum processing
time at either the DoD Centrals or DoD field terminals for the conversion of all pertinent
RDRs into all required EDRs for the site or terminal, including those based wholly or in
part on data from other sensor suites. The intent of this requirement is to preclude
scientific algorithms that are so computationally intensive that any foreseeable
implementation would stress or exceed the time available for delivery of EDRs in an
operational environment. The GPSOS sensor contractor is to assume that the GPS
Ground net data, i.e., IGS, is made available within the 20 minute maximum processing
time as Government Furnished Informat{@+1). The GPSOS contractor is to identify to
the Government the IGS data input format requirement.

SRDG3.2.1.1.7-2
The contractor shall validate the requirement that scientific algorithms be convertible to
operational code subject to the constraint specified in SRDG3.2.1.1.7 is (TBR).

SRDG3.2.1.1.7-3

The availability of any inputs required from databases or other ancillary sources to
generate data products shall also be adequate to allow EDRs to be generated at the DoD
Centrals and DoD field terminals within the time constraint specified in 3.2.1.1.7-1.

3.2.1.1.8 GPSOS Interface to GPS and GLONASS Satellites

SRDG3.2.1.1.8-1

The GPSOS shall demonstrate compatibility with the GP$GPS ICD 200) and the
GLONASS satellites and satellite constellations to the extent required for the
GPSOS to perform its navigation function and to produce its assigned set of
Primary and Secondary EDRs.
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3.2.1.2 Sensor Calibration , See Section 3.1.1.1

3.2.1.3 Data Access

SRDG3.2.1.3-1

The GPSOS shall provide to the Command and Telemetry (C&T) data bus, per
SRDX3.2.4.8.2.1-1, the determination of position and time, per SRDG3.2.1.1-1 an%
SRDG3.2.1.1-2, respectively.

3.2.1.4 Data Format

SRDG3.2.1.4-1
A single, interchangeable GPSOS sensor data format shall conform to the
POES/DMSP/METOP system format and data rate (TBS).

SRDG3.2.1.4-2

For NPOESS satellites, the sensor shall conform to the Consultative Committee for Space
Data Systems (CCSDS) packetization per the (TBS) real-time interface specification and
the (TBS) stored-data interface specification.

SRDG3.2.1.4-3
If data compression techniques are used in stored data retrieval, the compression shall be
lossless.

3.2.1.5 Deleted

SRDG3.2.1.5-1
Deleted. |

SRDG3.2.1.5-2
Deleted. |

SRDG3.2.1.5-3
Deleted. |

SRDG3.2.1.5-4
Deleted. |

SRDG3.2.1.5-5
Deleted. |

SRDG3.2.1.5-6
Deleted. |

3.2.2 SENSOR CAPABILITY RELATIONSHIPS

3.2.2.1 Deleted

SRDG3.2.2.1-1
Deleted. |
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3.2.2.2 Deleted

SRDG3.2.2.2-1
Deleted. |

3.2.3 INTERFACE REQUIREMENTS

The GPSOS interface requirements include the NPOESS spacecraft and other risk-
reduction Flight-of-Opportunity spacecraft including, but not necessarily limited to,
the DMSP, the POES, and the METOP spacecraft. GPSOS interfaces to the GPS
and GLONASS are described in Section 3.2.1.1.8.

SRDG3.2.3-1
The GPSOS shall be compatible with and interface to the NPOESS spacecraft
(TBR).

SRDG3.2.3-2

The GPSOS shall be compatible with and interface to selected risk-reduction Flight;
of-Opportunity spacecraft (TBR). Potential Flight-of-Opportunity spacecraft for

the GPSOS include the DMSP, the POES, and the METOP satellite series.

The system interfaces relevant to the sensors are depicted in Figure 3.2.3 below.
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Figure 3.2.3 Partial System Internal Interfaces
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3.2.4 PHYSICAL AND INTERFACE CHARACTERISTICS

Weight, power, volume, and data rates described herein are nominal values (with
contingency) which were developed during initial studies at the Integrated Program Office.
All values are defined as: TBR, indicating that specific allocations are negotiable. Itis
presently planned that definitive allocations will be defined by the IPO, in consultation

with sensor contractors, by the time of the SRR. In the interim, contractors should keep
in mind that relaxation from nominal allocations will only be possible if changes are
consistent with the requirement to accommodate the full NPOESS payload suite of
instruments on a spacecraft which can be placed into a nominal 833 Km orbit by an EELV
class launch vehicle.

The following constraints are based on initial allocations from the NPOESS notional
baseline. These constraints are expected to be further refined during the initial contract
efforts. The following numbers include all margins assigned to the GPSOS sensor.

SRDG3.2.4-1
Mass (kilograms—Kkg) of the GPSOS sensor shall be less than or equal to 9 kg total:
Receiver /Processor: 4 kg (TBR), Oscillator: 2 kg (TBR), Antenna(s): 3 kg (TBR).

SRDG3.2.4-2
Power (watts) of the GPSOS sensor shall be less than: 13 watts (TBR).

SRDG3.2.4-3

The GPSOS sensor shall confarmrthe following size restrictions: Dimensions (cm) of |

the GPSOS sensor: Receiver/Processor: 26 cm X 24 cm X 13 cm (TBR); Oscillator: 18
cm X 11 cm X 8 cm (TBR); and Antenna(s): 14 X 14 X 2 (TBR). Components mounted
internal to the spacecraft bus (TBS).

SRDG3.2.4-4
The GPSOS shall have a nominal data rate of 20 Kbps (Min) to 80 Kbps (Max) to the
spacecraft (TBR).

See GPSOSbh-Revl.doc
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